An undeformed glomeroporphyritic andesite from the Sunda Arc of Java, Indonesia, contains zoned plagioclase and amphibole glomerocrysts in a fine-grained groundmass and records a complex history of adcumulate formation and subsequent magmatic disaggregation. A suite of xenocrystic zircon records Proterozoic and Archaean dates whilst a discrete population of zoned, euhedral, igneous zircon yields a SHRIMP U-Pb crystallisation age of 9.3 ± 0.2 Ma. Quantitative microstructural analysis of zircon by electron backscatter diffraction (EBSD) shows no deformation in the inherited xenocrysts, but intragrain orientation variations of up to 30° in 80% of the young zircon population. These variations are typically accommodated by both progressive crystallographic bending and discrete low angle boundaries that overprint compositional growth zoning.
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Introduction
The mineral zircon (ZrSiO 4 ) is physically and chemically robust and accommodates a wide range of trace elements into its lattice. These trace elements provide information on the petrogenetic processes associated with zircon growth (Hoskin and Schaltegger 2003) and facilitate geochronological dating via a number of different radiometric decay systems (Davis et al. 2003; Dickin 2005; Kinny and Maas 2003; Reiners 2005) . As a result, the geochemical analysis of zircon provides constraints on a range of important geological processes.
Underpinning its widespread application are the results of volume diffusion experiments that yield diffusion parameters which indicate that the chemical modification of zircon is unlikely below 900°C, i.e. under most crustal temperature conditions (Cherniak and Watson 2003) .
However, recent electron backscatter diffraction (EBSD) studies show that zircon may deform by crystal plasticity within the Earth's crust (Reddy et al. 2007 ). Such deformation yields microstructures that act as fast diffusion pathways that enhance bulk diffusion rates and facilitate the modification of zircon chemistry (rare earth element, U and Th) at crustal conditions Timms et al. 2006) . These previous microstructural and chemical studies were undertaken on anomalously large natural zircons that may not be representative of typical igneous zircon. Consequently it remains unclear whether the generally smaller igneous zircons routinely used for geochemical analysis could develop and record dislocation-related crystal plasticity . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 65
Sample Characteristics
The studied sample (Jhs2Pon4) is an igneous rock located to the southeast of Lawu volcano close to the boundary of the Southern Mountains Arc and modern Sunda Arc of the Ponorogo region of East Java, Indonesia (7°50'28.8"S; 111°19'45.6"E) (Smyth et al. 2007) (Fig. 1) . It is an undeformed glomeroporphyritic andesite that intrudes into the Eocene -Early Miocene Southern Mountains Arc and overlying carbonates at shallow crustal levels. Previous work in the region has identified a gap in volcanic activity from c.18 -10 Ma, when arc volcanism resumed to the north of the Southern Mountains Arc along the axis of the modern Sunda Arc (Smyth et al. 2008) . Given this history and observed field relationships, the studied andesite appears to be related to the activity of the modern Sunda Arc and not the Southern Mountains Arc (Smyth et al. 2008; Smyth et al. 2007 ). This is confirmed by the geochronological data presented later.
The studied andesite contains glomerocrysts comprising interlocking grains of either plagioclase and/or hornblende. Grains making up the glomerocrysts are compositionally zoned and have sieve-textured rims (Fig. 2a, b) . Within glomerocrysts, boundaries between plagioclase grains are commonly curved (Fig. 2a) , and occasionally impingement textures are preserved within hornblende grains (Fig. 2b) . The glomerocrysts have adcumulate textures that indicate almost complete crystallisation of initial melt phase with melt fractions <5% (Fig. 2) . Undulose extinction, deformation twinning and transgranular fracture are observed within the plagioclase glomerocrysts (Fig. 2a,c,d ), though these features have not been seen in the less common amphibole glomerocrysts. Where observed, zircon is seen to lie along boundaries or at the triple junction of plagioclase grains that form the glomerocrysts (Fig.   2d ). 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 As well as the course grains preserved within glomerocrysts, smaller phenocrysts of plagioclase and hornblende are preserved in the matrix (Fig. 2) . These grains commonly have a grain diameter of ~150m and are distinct from the finer grains (~20m) that make up the groundmass. Clear plagioclase rims overgrow sieve-textured plagioclase crystals at the glomerocryst margins (Fig. 2a) and surround skeletal cores of the smaller phenocrysts in the matrix.
Analytical Procedure
Zircon was separated from a crushed rock sample using magnetic and methylene iodide liquid separation. Grains were handpicked and mounted in an epoxy resin disc. The mount was then manually polished using progressively finer grades of diamond paste (down to 1m) on a cloth lap. Following this mechanical polishing the sample was polished for a further 4 hours with 0.06m colloidal silica in a NaOH solution (pH10) on a Vibromet II polisher to remove mechanically-induced surface damage.
Panchromatic cathodoluminescence (PCL), orientation contrast imaging and EBSD were undertaken on a Phillips XL30 SEM housed at the Microstructural Analysis Facility of Curtin University of Technology, part of the Nanoscale Characterisation Centre WA. PCL imaging was undertaken using a KE Developments CL system operating at 12kV and working distance of 15mm. PCL images were collected in the 330-600nm spectral range. Electron backscatter patterns (EBSPs) were collected using a Nordlys I EBSD detector. Orientation contrast images were collected from two forescatter detectors that are integrated into the Nordlys detector. For EBSD and orientation contrast imaging the sample was coated with a 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 EBSD data were collected, following the procedure described in detail for zircon (Reddy et al. 2007 ).
SEM settings used for EBSD collection are documented in Table 1 . Acquisition of EBSD data was undertaken using Oxford Instruments Channel 5.9 Flamenco software using the parameters also documented in Table 1 . For each zircon grain, automatic EBSD mapping was undertaken by collecting an EBSP (Fig. 3a) from each node of a user-defined, 1m grid. For each EBSP, a Hough Transform (Hough 1962 ) was used to select the 8 strongest diffraction bands and these were then compared to a theoretical zircon diffraction pattern (match unit).
Following detailed examination of zircon theoretical match units (Reddy et al. 2008 ), empirically-derived diffraction patterns were indexed using a match unit corresponding to the zircon crystal structure at 9.8 Atm (≡ 1MPa) (Hazen and Finger 1979), recorded as card 5261 in the Mincryst crystallographic database (Chichagov et al. 2001) . The theoretical reflector intensity file for this zircon structure was calculated from structure factor calculations using Channel 5 Twist software. Comparison of the angular "closeness of fit" between the empirically obtained pattern and the theoretical solution (shown visually in Fig 3b) , was recorded for each EBSP by the mean angular deviation (MAD) of the patterns. In all cases the MAD was low (<<1.3°) indicating a high degree of fit between theoretical and empirical EBSPs. The EBSD data were noise reduced using a "wildspike" correction and a fourneighbour zero solution extrapolation following standard procedures (Reddy et al. 2007 ).
Data were also passed once through a modified Kuwahara filter (3x3 filter size with 5° smoothing angle and a 1° artefact angle). This has the affect of reducing angular noise in orientation maps (Humphreys et al. 2001 ).
The EBSD data from each zircon were processed to produce a series of maps that show different aspects of the microstructure. Principally two types of maps were used. Cumulative misorientation maps show progressive changes in crystal lattice orientation and are derived by comparing the orientations derived from all EBSPs to a user-defined reference orientation (Fig. 3c) . Local misorientation maps show the positions of orientation boundaries and are derived by calculating the mean misorientation angle between an EBSP and its immediate 8 neighbours and assigning this value to the central grid node (Fig 3d) . All orientation maps were created using the Channel 5.9 "Tango" software module.
Crystallographic orientation and misorientation data were plotted using Channel 5.9 "Mambo" software using lower hemisphere, equal area projections. All data are reported with respect to an arbitrarily assigned X-Y coordinate framework for the sample surface that is also shown in each of the orientation maps. The tetragonal crystal symmetry of zircon means that eight possible misorientation angle/axes may be calculated between two different crystallographic orientations (Grimmer 1980) . In this study, the angle/axis pair corresponding to the minimum misorientation angle was used for analysis since intragrain variations in crystallographic orientation are progressive.
For isotopic analyses, the mount was sputter-coated with a thin coat of gold, sufficient to produce a resistivity of 10-20 ohms across the disc. Zircon U-Pb isotopic data were collected using the Sensitive High Resolution Ion Microprobe (SHRIMP II) based in the John de Laeter Centre of Mass Spectrometry, Perth, Western Australia. The sensitivity for Pb isotopes in zircon using SHRIMP II over the period of analysis was ~18 cps/ppm/nA, the primary beam current was 2.5-3.0 nA and mass resolution was ~5000. Pb/U isotopic ratios were corrected for instrumental inter-element discrimination using the observed covariation between Pb+/U+ and UO+/U+ (Compston et al. 1984; Hinthorne et al. 1979 ) determined from interspersed analyses of the CZ3 zircon standard. This standard is a single crystal zircon In all cases, no standards were rejected and calculated 2 external spot-to-spot errors for the standards were low.
Results

Zircon Microstructural Data
Zircon grains separated from the sample were subdivided into two populations based on petrographic characteristics. Population 1 comprises euhedral orange crystals ranging from 150 -500m in length with length-breadth aspect ratios of between 1 and 3. In PCL, Population 1 grains show typical igneous morphologies and zoning (Fig 4a) . In contrast, Population 2 are rounded anhedral to subhedral grains that show a greater colour variation (colourless, yellow, brown), and generally smaller grain size 100 -300m long, with aspect ratios <2. PCL imaging shows that concentric and sector zoning within Population 2 is commonly truncated by rounded grain margins ( Fig. 4b ), indicating that many of the grains are relict fragments of originally larger grains. Orientation contrast imaging reveals that 20 of the 25 analysed grains from zircon Population 1 contain greyscale changes associated with variations in crystallographic orientation. In contrast, no greyscale differences associated with crystallographic orientation variations are seen in the 26 grains analysed from Population 2.
Panchromatic cathodoluminescence, orientation contrast and EBSD data from a typical grain from Population 1 (grain 5) (Fig. 5 ) indicate a clear relationship between features identified using the different analytical approaches. In PCL, grain 5 shows a bright, euhedral core, which is transected by dark, relatively diffuse linear domains. This core is surrounded by well-developed, fine-scale oscillatory concentric growth zoning ( Fig. 5a ). Although the tips of the grain preserve undisturbed PCL zoning, the flanks of the grain show localised disruption and distortion of core and rim compositional zones. On the PCL image these disruptions are either linear, suggesting a planar geometry within the crystal, or take the form of fine, curved dark bands (Fig. 5a ).
In the orientation contrast image of grain 5, greyscale variations are seen throughout the whole grain but they tend to be better developed around the grain flanks rather than the grain terminations (Fig. 5b) . The greyscale differences are irregular, commonly patchy, and indicate variations in crystallographic orientation within the grain. These orientation variations are confirmed by the cumulative misorientation map obtained from the EBSD data.
In the case of grain 5, the >47,000 EBSPs used to map the grain, define an orientation variation of 30° across the grain, which is largely localised at the grain flanks (Fig. 5c,e) . The changes in orientation are accommodated by discrete boundaries that correspond to colour changes in the cumulative misorientation map (Fig. 5c ) and by increased local misorientation (Fig. 5d ). These boundaries represent discrete jumps in misorientation profiles across the grain ( Fig. 5f ), define the patchy greyscale variations seen in the orientation contrast image 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 ( Fig. 5b ) and are coincident with the complexities seen within the PCL image (Fig. 5c ).
Misorientation profiles across the grains show progressive changes as well as sharp steps in crystallographic orientation (Fig. 5f ).
When the orientation data are analysed by means of stereographic projection, the changes in crystallographic orientation across the grains are generally systematic and define cumulative dispersions around the zircon c-axis [001] that lie along small circles (Fig. 5g) . The majority of misorientation axes associated with 1-15° misorientation angles are associated with specific boundaries (Fig. 5e ) and lie broadly parallel to [001] (Fig. 5h) . However, there is a spread in this orientation by up to 20° for <5° boundaries, which decreases to <5° for the >10° misorientation angles (Fig. 5h ). Several clusters of misorientation axes plot away from the c-axis, for example, the shallowly plunging 5-10° axes in the upper right, upper left and lower left quadrants of the stereonet (Fig. 5h) . These are related to specific boundaries within the microstructure (Fig. 5e ).
Similar relationships as described for grain 5 are also seen in the analyses from 9 additional grains from Population 1 (Fig. 6 ), which record cumulative misorientation variations of 3-30°. In all cases, cumulative misorientation and local misorientation maps indicate discrete variations in intragrain crystallographic orientation (Fig. 6a,b) with the grains characteristically preserving gradual and sharp-bounded polygonal orientation domains.
These again tend to be localised along, but not restricted to, the flanks of the grains. In many cases (grains 3, 6, 7, 8, 10, 11 & 12) these variations are associated with dispersion of the crystallographic axes around an axis parallel to the [001] direction (Fig. 6c) . As in grain 5, a high proportion of the misorientation axes for these grains are also parallel to [001] (Fig. 6d) .
In some grains (3, 8, 9, 10) a cluster of misorientation axes also lies parallel to one of the zircon a-axes (Fig. 6c,d ), while in grain 13 the 5-10° misorientation axes lie on a small circle   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 that lies ~24° from the c-axis. This grain is also anomalous in that the crystallographic axes are dispersed around two different small circle distributions.
Cathodoluminescence imaging of Population 2 zircons indicate some complexity within many of the grains associated with compositional growth zoning (e.g. Fig. 4,7a) . However, orientation contrast imaging and quantitative orientation analysis by EBSD of the 26 grains that make up Population 2 indicate that there are no intragranular variations in crystallographic orientation (e.g. Fig. 7b ). Low-angle orientation boundaries are also absent from these grains (e.g. Fig. 7c ). Since this population has the characteristics of igneous zircon, the date is interpreted to reflect the magmatic crystallisation age of this zircon population. In contrast to Population 1, Population 2 comprises sub-to anhedral zircons that yield a range of Archaean to Cambrian dates.
Zircon Age Data
Discussion
Interpretation of the Zircon Microstructures
A glomeroporphyritic andesite from Java contains a population of zircon that has magmatic characteristics and a mixed population of xenocrystic grains. The former is interpreted to indicate crystallisation ~9.3 Ma ago, a date consistent with initial development of the Sunda   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Arc (Smyth et al. 2008) . The latter population has previously been interpreted to reflect zircon inheritance from a continental fragment of Gondwanan origin that underlies the arc complex from which this sample was derived (Smyth et al. 2007 ).
The xenocrystic zircons of Population 2 show no evidence of intragrain orientation variations. However, 80% of the 25 zircons studied from the Miocene magmatic grains of Population 1 (Fig. 4) record complex orientation variations, particularly in their flanks. These orientation variations vary from c. 3-30˚ and are accommodated by both progressive bending of the zircon lattice and discrete changes across low-angle boundaries. Similar microstructural features recorded in an Indian Ocean zircon have been previously ascribed to dislocation creep associated with crystal plastic deformation of zircon (Reddy et al. 2007 ). In this previous study, the analysis of crystallographic dispersion and the geometry of misorientation axes parallel to <010>, combined with the orientation of the low angle boundary trace derived from orientation mapping, provided evidence of deformation associated with <001>{100} dislocation creep (Reddy et al. 2007 ). In Population 1 of the Java sample, rotations parallel to <100> are recognised in some grains (Fig. 6d) . However, the dominant dispersion and misorientation axes are parallel to [001] . Such a geometry is consistent with dislocation creep associated with <100>{010}, a slip system recognised in experimental shock deformation experiments on zircon (Leroux et al. 1999 ). In addition, misorientation axes parallel to <012>, which fall on a cone 24° away from the zircon c-axis, can be recognised in a number of grains (e.g. 5, 12 & 13) (Fig. 6 ). There is currently no known slip system in zircon associated with dislocation formation (i.e. misorientation axes) parallel to <012>, although similar misorientation data have been reported elsewhere (Reddy et al. 2007 ). Two issues further complicate the simple model of low-angle boundary formation outlined above. Firstly, in grain 5, some low-angle boundaries comprise consistent misorientation axes along their length, despite the boundaries having curved geometries (Fig. 6e ). This similarity indicates that these boundaries are more complex than simple tilt boundaries and are necessarily accommodated by changing degrees of tilt and twist components along their length. Secondly, simple models of tilt and twist boundaries (see Fig. 10 of Reddy et al, 2007) predict, for grains where the c-axis lies in the plane of the orientation map, that the traces of boundaries formed by <001>{100} and <100>{010} should lie parallel to or perpendicular to the trace of the c-axis. Although this is the case for some of the boundaries, many others are oblique to these ideal trace orientations. This is readily explained by lowangle boundaries comprising dislocations of more than one type at a scale that is not resolvable at the scale of the analyses (1m). Consequently, the spread in the geometry of misorientation axes reflects not only errors associated with the calculation of low-angle misorientations (Prior 1999), but the probable interaction of different slip systems at a submicron scale (Reddy et al. 2007 ).
Despite these complexities, the majority of the orientation data from Population 1 are consistent with plastic deformation associated with known, rationale, low-index slip systems.
The microstructures recognised in the orientation data are therefore interpreted to have developed by dislocation creep. Since the rock from which these zircons were extracted is an undeformed igneous rock, and the zircon from Population 1 has magmatic characteristics, this crystal plasticity is interpreted to have taken place after crystallisation of the zircon but prior to final crystallisation of the host rock. This possibility is now explored further. 
Petrogenetic Model for Zircon Deformation
A model to explain the petrogenetic evolution of the sample is outlined in Fig. 9 . The presence of glomerocrysts and both large and small phenocrysts of compositionally zoned plagioclase and hornblende in a fine-grained matrix (Fig. 9a) indicates a complex igneous history. Glomerocrysts preserving an adcumulate texture provide evidence of low interstitial melt fraction (<5%) within plagioclase and hornblende cumulate rocks (Fig. 9b) . Grain (Fig. 9c,d ) is interpreted to reflect reactions between these crystals and the melt, now represented by the fine-grained matrix, probably during rapid decompression of the magma (Humphreys et al. 2006; Pietranik et al. 2006) .
Following decompression, the fine-grained groundmass indicates rapid, shallow-level, cooling of the magma. This model is similar to open system magmatic processes described from other arcs (Humphreys et al. 2006) .
Within this petrogenetic framework, zircon population 1 underwent crystal-plastic deformation. This deformation disrupts oscillatory growth zones at the edges of the grains, and so must have taken place after zircon crystallisation. The absence of deformation features in the fine-grained matrix of the studied rock indicates that zircon deformation must have preceded magmatic rejuvenation and disruption of the cumulate layer that sourced the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 glomerocrysts. Plagioclase within the glomerocrysts is also deformed. Based on these textural relationships, deformation of the plagioclase / hornblende adcumulate and associated population 1 zircon must have taken place within a mid-to-lower crustal cumulate prior to its disaggregation and remobilisation by a later stage melt (Fig. 9b) .
Evidence of crystal-plastic deformation is exclusively recorded by grains in the 9.3 Ma zircon of Population 1. The presence of undeformed xenocrystic grains, containing no young (~10 Ma) rims, indicates that they were entrained at a late stage in the petrogenetic evolution (Fig.   9 ). Scavenging of xenocrysts from older Gondwanan basement (Smyth et al. 2007 ) is therefore interpreted to have taken place after deformation and disruption of the adcumulate, during ascent of the magma to shallow crustal levels (Fig. 9d ).
The ability of minerals to deform by dislocation creep in partially molten rocks has been demonstrated experimentally at melt fractions of <5% in granitic rocks with a grain size >10
m (Dell' Angelo and Tullis 1988; Dell'Angelo et al. 1987) and reflects the transmission of stresses across the interlocking crystal framework. In this study, the origin of the stresses responsible for the observed deformation is unclear. However for the past 15 Ma, the overding plate of the Sunda-Java trench, within which the sample originates has been under a state of compression (Whittaker et al. 2007) . Our preferred interpretation is that the low meltfraction, indicated by the glomerocrysts, allowed stresses to be transmitted through the crystal framework such that crystal-plastic deformation of zircon occurred during final stages of adcumulate crystallisation. Zircon deformation therefore reflects tectonic stresses acting on an almost completely crystallised lower crustal cumulate.
Geological Significance
As discussed in some detail by Reddy et al (2007) , the development of microstructures formed by dislocation creep in zircon has fundamental implications for the geochemical 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 analysis of zircon and the rocks with which they are associated. At the simplest level, such microstructures will provide multiple diffusion pathways that will modify the bulk diffusion characteristics of zircon. Under most crustal conditions, diffusion in defects is generally easier than volume diffusion, though this difference decreases at increasing temperatures as volume diffusion becomes more competitive. Within the crust, deformation-related microstructures should therefore provide fast-diffusion pathways in zircon that facilitate enhanced chemical exchange in zircon. Such compositional modification has been demonstrated for rare earth elements ), U and Th ) in zircon. Therefore, the assumption of material transfer solely by volume diffusion may not be valid in many natural zircon. In addition, the dissolution potential will also be expected to increase in zircon grains that contain defects. This has important implications for the modelling of trace element budgets (e.g., in melts systems), which typically assume the sole operation of volume diffusion. Consequently, the results presented here have widespread significance for the assumption for the chemical robustness of zircon and the geochronology and trace element geochemistry of magmas.
Unlike the previous studies of dislocation creep in zircon, there is no evidence for high-strain tectonic activity within the host sample. In this study, microstructures associated with dislocation creep are demonstrated to have formed within magmatic zircon soon after crystallisation, probably associated with tectonic stress transmitted through a low-melt volume crystal framework. The qualitative correlation between crystal-plastic deformation of plagioclase and zircon seen in this study has been recognised previously in other samples (Reddy et al. 2007) , and may indicate that zircon deforms at similar conditions to that of plagioclase. Deformation of plagioclase may therefore be an indirect indicator of zircon deformation in crustal rocks .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 This study demonstrates that magmatic zircon has the potential to contain deformationrelated defects, and therefore have modified bulk diffusion and dissolution characteristics.
Since zircon usually forms isolated grains, it is unlikely that low-angle boundaries will be removed by subsequent grain boundary migration recrystallisation. Once formed, microstructures associated with dislocation creep of zircon are therefore likely to prevail throughout the history of the zircon, including resedimentation, metamorphism and melting that may affect the host rock. As a result, the a priori assumption that multipath diffusion may only occur in zircons from tectonically deformed areas is flawed and fast diffusion pathways may be expected in zircon from a wide range of geological environments, not just high-strain rocks. Consequently, we recommend that the microstructural analysis of zircon, including igneous grains, is a pre-requisite for the geochemical analysis of zircon. This microstructural analysis need not require a detailed quantitative EBSD approach. In the first instance, the qualitative recognition of deformation-related microstructures in zircon can be achieved by rapid orientation contrast imaging as simply as PCL imaging is used to recognise growth zoning. Indeed the microstructural analysis can be undertaken on samples used for routine PCL characterisation by simply undertaking an additional, commercially available, polishing step. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 zircon population 2. In a, grain identification numbers refers to EBSD data shown in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 subsequent figures. In b, U-Pb ages correspond to analyses given in Table 2 . EBSD data from the marked grain is shown in Fig. 7 . . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 shown by local misorientation. c) Pole figure of low-index crystallographic planes ( (100), (010) and (001) Table 2 ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 with complex oscillatory growth zones (1). b) Magmatic differentiation and crystal settling.
Figure Captions
Localised crystal-plastic deformation (2,3) at low melt fraction along with deformation twinning in plagioclase (4) and isolated brittle fracturing (5). c) Disaggregation of adcumulate associated with rejuvenation of the magmatic system results in the incorporation of glomerocrysts and phenocrysts into rejuvenating melt (6). Sieve-textured rims on plagioclase (7) and hornblende (8) formed during magmatic decompression. d)
Crystallisation of new plagioclase rims on phenocryst and glomerocrysts (9) and scavenging or inheritance of zircon xenocrysts (10). e) Rapid cooling causes crystallisation of finegrained matrix (11). 
